A recent reformulation of the theory of electron scattering by atoms--in which those scatterings, real or virtual, that leave the state of the atom unchanged are separated off from the remainder--has been generalized to include the effects of the Pauli principle. The case where the Hartree approximation suffices to describe the atom is considered in detail, including a calculation of the "scattering potential 11 to second order.
1
problems.
The novel element was a rearrangement of the perturbation series for the scattering so that a "scattering potential" was obtained for all interactions nqt changing the state of the atom. The scattered particle was assumed not to be an electron, so there was no need to consider the Pauli principle.
The purpose of this discussion is to extend the method of I to include the effects of the Pauli principle; that is, we now assume that the scattered particle is an electron. Previously, methods have been developed for handltng exchange corrections for electron-atom scattering within the framework of the Hartree-Fock approximation.
2 ' 3 From such studies one concludes that although exchange corrections are not of paramount importance for scattering by heavy 4 atoms; they are not really negligible, at least for low-energy scattering.
II. THE SCATTERING OF A. PARTICLE BY A SYSTEM OF SIMilAR PARTICLES
We consider the scattering of an electron by aneutral a'i;om having z electrons. The essence of the Pauli principle is that all the electrons are equivalent, so we shall adapt our nota"~?ion to eXpress this symmetry. 
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-4-The Hamiltonian Ht differs from H by the interaction between electron t and the rest of the system. Calling this interaction Vt , we have and (2.5)
thereby also defining vt .
We turn now to the definitions of the basis eigenvectors of the problem.
If we assume that electron 0 is the incident particle, the atom is described by the Schrodinger equation,
is the (antisymmetric) eigenvector and W the n energy belonging to the atomic state n. To simplify the notation, we shall assume that the electron-spin variables are included with the coordinates 2;i by writing x. , etc. is the source function, but we prefer to leave the subscripts understood.
The basis vectors
and form a complete set for the expansion of any vector, e.g.
which is antisymmetric in any pair x 1 ..
• x~ but has arbitrary symmetry in x 0 :
In what follows, we shall often wish to form antisymmetric expressions from the I p n ) 0
• This can be accomplished by using the o£ defined above enter the problem symmetrically, hence each particle has the same flux, and the total flux is ·z + 1 times the flux of any one. This holds for both the incident and scattered fluxes; therefore, since only the ratio appears ·in the cross section, this may be computed by calculating the flux. of particle 0 alone. Or, we may regard 0 as a distinguishable particle in obtaining the scattering cross section from i . That is, we may use a representation that treats particle 0 as distinguishable from the other particles. (It will turn out to be a matter of practical convenience to use this representation.)
Because f is antisyrnmetric, the fUnction 1jr(p n) satisfies a number of important symmetry relations. Indeed, these represent sufficient conditions that a wave function has been obtained that is consistent with the Pauli principle.
First, we have, depending upon whether the number of interchanges is even or odd.~ The g 0 s are single-particle Hartree orbital states, and the index n refers to the set (-J 1 ooo"J ).
. In matrix form this is
The convention for carrying out intermediate-state sums that was introduced in connection with Eq. (3.12) must be kept in mind.
To proceed, we follow the method of I. Equation (3.13) may be written Physically therefore, X (x 0 ) describes the scattering of particle 0 by the Po . perturbation prescription for evaluating f . We may anticipate that At , which arises only because of the Pauli principle, will often be small.
IV. SIMPLIFICATION WHEN ATOMIC STATES ARE DESCRIBED BY HARTREE WAVE FUNCTIONS
For many scattering problems, such as we are considering, the properties of the scattering medium may be specified with much less accuracy than is required for the wave function of the scattered particle. The reason for this is that frequently only the state of the scattered particle is observed in any detail. For example, Hartree states often may be used for the scattering medi~ even when such an approximation for the scattered particle would be very inaccurate. (We note that, in practice, Hartree wave functions are usually the best available~)
In this section, we shall therefore assume a Hartree model for the atom in order to simplify the scattering equations of Section III. We may, if desired, use any model of the atom for the final equations that we shall derive. This is reasonable, because the Hartree assumption is used only to derive exclusion-principle corrections to the theory of I.
We shall first note that it is desirable to choose ~(O) ·so that X represents the actual elastic scattering of the electron by the atom.
Po
When . 
The ecchange part is, approximately,
where E' is restricted to spins parallel to that of the incident electron.
Now we use the approximation, 
.
This form of the potential has been obtained by Slater using the Hartree-Fock method. The significance of the 'I) term is that the charge density of those electrons whose spin is parall~l to that of the. scattered electron should vanish near the point ~.
The second~order potential is . ao ( q r ' ) ( r q I v I P r) f
The first term represents the usual potential induced by the pol~iz ability of the atom. When transformed into coordinate space, and at large distances from the atom, it has the form 1
where P is a constant. The exchange term falls off exponentially with distance from the atom, so it is important only at points within the electronic orbitso
